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THIAMINE  HYDROCHLORIDE  AS  AN  ADJUNCT  TO  PRALIDOXIME 
IN  A SIMULATED  THERAPEUTIC  SETTING 


I.  INTRODUCTION. 

The  recommended  mode  of  administration  of  pralidoxime  chloride  (pyridine-2- 
aldoxime  methochloride)  used  to  reactivate  the  inhibited  enzyme  in  anticholinesterase  compound 
intoxication  is  by  intravenous  infusion  over  a 15-  to  30-minute  period.1'3  Previous  studies  from 
this  laboratory  have  demonstrated  that  thiamine  hydrochloride,  administered  by  intramuscular  or 
intravenous  infusion,  significantly  alters  the  disposition  of  pralidoxime  by  delaying  renal 
excretion,  prolonging  plasma  half-life,  and  increasing  plasma  concentrations  of  oxime  given  by 
rapid  intravenous  injection.4-* 

This  study  was  undertaken  to  investigate  the  disposition  of  pralidoxime  when  given  in 
the  therapeutic  manner  recommended.  We  further  attempted  to  study  the  alteration  of  oxime 
decay  and  excretion  when  thiamine  was  added  to  the  infusion  solution. 

II.  METHODS. 

A.  Subjects. 

The  subjects  were  five  US  Army  enlisted  personnel  who  agreed  to  participate  in  the 
study  after  thorough  explanation  and  discussion.  The  subjects  passed  complete  physical  and 
laboratory  examinations  [chest  X-ray,  ECG,  complete  blood  count,  routine  urinalysis,  blood  urea 
nitrogen,  serum  creatinine,  and  liver  function  tests  (SCOT,  alkaline  phosphatase,  serum 
bilirubin)].  A detailed  history  of  allergy  was  obtained  and  subjects  potentially  hypersensitive  to 
thiamine  were  excluded  from  the  study. 

B.  Design. 

Each  man  served  as  his  own  control.  The  subjects  entered  the  ward  on  the  evening 
before  the  study,  ate  a light  breakfast  about  1 hour  before  the  test  started,  and  drank  1 to 
2 liters  of  fluid  in  the  2 hours  preceding  drug  administration. 

In  the  control  trials,  1000  mg  of  pralidoxime  chloride**  in  250  ml  of  normal  saline 
was  infused  into  the  antecubital  vein  over  a 30-minute  period.  In  the  experimental  trials,  200  mg 
of  thiamine  hydrochloridet  was  added  to  the  above  infusion  mixture. 

The  trials  were  randomized  and  were  performed  over  two  successive  24-hour  periods. 
After  the  infusion  was  started,  urine  from  each  subject  was  pooled  for  the  following  time 
periods:  0-1.5,  1. 5-3.0,  3.0-6.0,  and  6.0-24.0  hours.  Blood  was  drawn  through  an  indwelling  scalp 
needle  in  the  antecubital  vein  in  the  opposite  arm,  which  was  kept  open  with  heparin,  at  0.05, 
0.10,  0.15,  0.25,  0.50,  0.75,  1.0,  1.5,  2.0,  2.5,  3.0,  3.5,  4.0,  5.0,  and  6.0  hours  after  the  start  of 
the  infusion.  Plasma  and  urine  were  analyzed  for  oxime  by  the  method  of  Groff,  et  a/.5 


* Joeacison.  1.,  and  Sidall,  F.  R.  Unpublished  data 

••  Protopam.  Ayerat  Laboratories,  lac..  New  York,  New  York  10017. 
t Thiamine  Hydrochloride  Injection,  U.S.P.,  Nat  con  Chemical  Co. 
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Blood  pressure  and  heart  rates  were  measured  at  5-minute  intervals  for  the  first  hour 
after  the  infusion  was  begun  and  at  30-minute  intervals  thereafter  for  4 hours.  Subjective 
responses  to  both  thiamine  and  pralidoxime  were  noted.  Subjects  were  kept  in  bed  for  the  first 
3 hours  of  testing;  thereafter  they  were  permitted  to  walk  about. 

C.  Clearance  Calculations. 

Because  the  renal  elimination  of  pralidoxime,  and  hence  the  plasma  concentration  of 
the  drug,  is  the  result  of  drug  interaction  in  the  kidneys,  it  did  not  seem  appropriate  to  fit  the 
plasma  concentration  versus  time  data  to  the  usual  single-drug  decay  curve  as  has  been  done 
previously.4,7  Therefore,  the  areas  under  the  plasma  concentration  versus  time  curve  (AUC)  were 
estimated  using  the  trapezoid  (Simpson’s)  rule.  The  total  areas  under  the  curves  (AUO)  were 
approximated  using  AUC6  hr  estimates.  This  method  underestimated  the  AUC  oo  to  a greater 
extent  for  the  thiamine  trials  than  for  control  trials.  Thus,  the  estimated  plasma  clearances  are 

higher  than  the  actual  clearances.  Therefore,  significant  differences  in  plasma  clearance  from 

control  to  thiamine  trials  similarly  are  underestimated. 

From  the  AUC  data,  the  plasma  clearance  (PC)  and  renal  clearance  (RC)  of  oxime 
were  calculated  using  equation  I and  equation  2. 

PC  = D/AUC  (1) 

RC  = Et/AUCt  (2) 

where  D is  the  drug  dose  and  Et  the  amount  of  oxime  excreted  into  the  urine  per  unit  time. 

III.  RESULTS. 

A.  Clinical  Findings. 

In  the  control  trials,  no  changes  were  observed  in  blood  pressures  or  in  heart  rates. 
Four  of  five  subjects  complained  of  transient  visual  phenomena  (including  visual  blurring, 
diplopia,  visual  heaviness),  never  lasting  more  than  3 to  5 minutes. 

During  the  thiamine  trials,  two  of  five  subjects  had  increases  in  blood  pressure,  three 
of  five  showed  increases  in  heart  rates,  and  all  subjects  had  mild  side  effects  which  seemed  to  be 
potentiated  by  the  combination  of  vitamin  and  oxime. 

Rises  in  systolic,  diastolic,  and  mean  arterial  pressure  were  observed  in  two  subjects. 
Such  hypertensive  changes  have  been  described  before  with  oxime,  usually  at  doses  above 
25  mg/kg.1  One  subject,  with  resting  baseline  blood  pressure  in  the  range  of  124-138/80  mm  Hg 
(mean  arterial  pressure  98),  had  a maximum  elevation  in  systolic  pressure  to  178mmHg,  in 
diastolic  pressure  to  86  mm  Hg,  and  in  mean  pressure  to  1 1 5 mm  Hg.  The  other  had  a control 
pressure  of  1 16-1 24/64  mm  Hg  (mean  83)  and  a maximum  rise  of  systolic  pressure  to 
154  mm  Hg,  diastolic  pressure  to  88  mm  Hg,  with  a mean  of  105  mm  Hg.  Maximal  elevation  of 
blood  pressure  was  a delayed  occurrence  and  did  not  begin  until  the  infusion  had  been 
terminated,  peaking  usually  about  30  to  45  minutes  after  cessation  of  the  infusion.  No  subject 
had  objective  or  subjective  signs  or  symptoms  related  to  the  acute  rise  in  pressure.  Hypotensive 
agents  were  not  used. 
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Three  subjects  (including  the  two  above)  showed  sharp  increases  in  pulse  rates,  from 
54-72  to  96,  from  72  to  94,  and  from  72-84  to  108,  usually  within  30  minutes  after  infusion 
had  been  completed.  Subjects  did  not  'omplain  of  palpitations  or  awareness  of  the  increase  in 
pulse  rate. 

All  subjects  complained  of  the  same  visual  side  effects  seen  in  the  control  setting,  but 
the  symptoms  were  more  prominent  and  more  persistent  with  thiamine,  usually  remaining  for  1 
to  2 hours.  The  visual  signs  were  accompanied  by  marked  diplopia  in  three  subjects.  Four  of  the 
five  men  complained  of  fatigue  and  drowsiness,  symptoms  attributed  to  both  pralidoxime  and 
thiamine  hydrochloride  in  previous  studies.1,3  Two  subjects  had  vitamin  gustatory  sensations 
immediately  after  the  infusion  was  begun. 

Despite  the  above  observations,  all  drugs  appeared  to  be  tolerated  well  by  all  subjects; 
and  no  major  untoward  side  effects  were  noted. 

B.  Plasma  Concentrations. 

The  mean  plasma  concentrations  are  plotted  in  figure  1.  Following  the  start  of  the 
infusion,  oxime  concentrations  in  the  thiamine-treated  group  were  significantly  higher  than 
corresponding  control  values  at  all  sampling  intervals  beyond  the  first  3 minutes  (0.05  hours). 
Plasma  oxime  concentrations  in  the  thiamine  group  remained  above  the  4-jxg/ml  level  for  more 
than  3 hours,  while  they  declined  to  below  that  level  within  90  minutes  in  control  subjects. 

C.  Urinary  Excretion  of  Pralidoxime. 

Contrary  to  most  previous  data,4*  mean  cumulative  urinary  excretion  of  oxime  was 
lower  in  the  thiamine-treated  group  in  the  24-hour  collection  period  (723  mg/24  hr)  than  in  the 
control  group  (836  mg/24  hr)  (p  < 0.02,  paired  t test).  In  part,  this  may  be  explained  by  the  loss 
of  an  aliquot  of  urine  (a  3-  to  6-hour  specimen)  from  one  subject,  but  a real  change  in  distribution 
and  metabolism  of  oxime  cannot  be  excluded. 

Nevertheless,  over  the  first  6 hours  of  study,  significantly  less  oxime  was  excreted  into 
the  urine  of  the  thiamine-treated  group  than  into  that  of  the  control  group  even  when  the 
slightly  lower  cumulative  excretion  of  the  former  group  is  taken  into  consideration  (p<  0.001, 
paired  t test),  and,  as  in  prior  studies,  significantly  more  oxime  appeared  in  the  urine  of  the 
thiamine  group  over  the  last  18  hours  than  in  the  control  group  (p  < 0.05,  paired  t test). 

Despite  the  small  discrepancy  in  urinary  excretion  between  the  two  groups,  the 
cumulative  excretion  for  both  groups  compares  favorably  with  data  obtained  from  previous 
studies  in  this  laboratory  which  showed  that  70%  to  90%  of  a parenteral  dose  of  oxime  is 
excreted  by  the  kidneys.  ,6,7 

Urinary  excretion  data  are  summarized  in  table  1 . 


* JoMcbon,  I.  and  SideU,  F.  R.  UnpubUihed  data. 
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Table  1.  Mean  Urinary  Excretion  of  Oxime  in  Five  Subjects. 


Control 


Thiamine 


(a)  Mean  excretion  of  pralidoxime  by  aliquot  (mg) 


0 - 1.5 

610  ± 59 

247  ± 35 

1.5-3 

131  ± 27 

150  ± 24 

3-6 

68  ± 34 

139  ± 70 

6-24 

27  ± 12 

188  ± 49 

0-24 

836  ± 39 

723  ± 72 

(b)  Mean  excretion  of  pralidoxime  (%  of  total  amount  excreted) 


0 - 1.5 


73  ± 5.6 


34  ± 6.8 


1.5  - 3 


16  ± 4.0 


21  ± 5.4 


8 ± 4.1 


19  ± 8.5 


6-24  I 
0-24 


NS  - not  sufficient 


3 ± 1.3 


26  ± 5.4 


•mm 


D. 


Clearance  Data. 


Clearance  data  are  presented  in  table  2.  Plasma  and  renal  clearances  were  calculated 
from  equation  1 and  equation  2.  There  was  almost  a fourfold  reduction  in  renal  clearance  from 
control  values  over  the  first  3 hours  of  the  study  when  thiamine  was  concurrently  administered 
with  parlidoxime  (p  < 0.005,  paired  t test).  Simultaneous  creatinine  clearance  data  showed  no 
significant  variation  in  clearance  from  control  to  thiamine  trials.  A correspondingly  significant 
increase  in  the  area  under  the  plasma  concentration  versus  time  curve  (AUC°°),  as  estimated  by 
the  trapezoid  rule,  was  also  seen  (p<  0.005,  paired  t test). 

Plasma  clearance  of  oxime  demonstrated  a 50%  or  greater  reduction  in  all  subjects 
following  the  addition  of  thiamine  to  the  infusion  solution  (p<  0.005,  paired  t test). 

IV.  DISCUSSION. 

Over  the  last  decade,  a large  body  of  information  has  been  acquired  concerning 
pralidoxime  chloride  and  its  related  congeners,  their  pharmacology,  disposition,  plasma  decay, 
excretion,  and  pharmacokinetics.1 ,6‘l  ^ More  recent  investigations  describe  the  alterations  in 
oxime  behavior  produced  by  previous  or  simultaneous  administrations  of  thiamine  hydrochloride, 
a weak  organic  base  believed  to  competitively  inhibit  the  renal  excretion  of  oxime.4’* 

The  current  study  characterizes  the  behavior  of  pralidoxime  when  administered  in  one 
of  the  various  methods  recommended  for  the  therapy  of  anticholinesterase  intoxication.  It  does 
not  apply  in  a situation  where  other  changes  in  drug  kinetics  may  occur  as  a result  of  heat  and 
stress.9  The  data  are  consistent  with  results  obtained  when  oxime  is  given  by  rapid  intravenous 
infusion.  Furthermore,  the  changes  which  occur  in  plasma  concentrations,  delayed  renal 
excretion,  and  drug  clearance  following  simultaneous  thiamine  infusion  are  predictable  on  the 
basis  of  previous  studies.4. 

The  decrease  in  the  total  amount  of  oxime  excreted  in  the  thiamine  trials  was  not  seen 
in  earlier  studies,  suggesting  the  possibility  that  the  increase  in  plasma  half-life  following  thiamine 
may  expose  the  oxime  to  alternate  metabolic  routes. 

Of  concern  is  the  potentiation  in  two  subjects  of  the  hypertensive  side  effects  of 
pralidoxime  following  administration  of  thiamine  and  the  increase  in  chronotropy  in  three 
subjects.  These  changes  were  well  tolerated  in  young,  healthy  volunteers,  but  may  limit  the 
usefulness  of  this  combination  in  patients  with  a hypertensive  history  or  borderline 
cardiovascular  status. 

The  significant  changes  which  occur  in  all  of  the  parameters  measured  following 
thiamine  infusion  do  not  provide  proof  that  such  combination  therapy  will  improve  the  clinical 
effectiveness  of  pralidoxime  alone  since  no  data  are  available  to  indicate  optimal  duration  of 
therapeutic  plasma  levels  of  the  oxime. 


* Josselson,  J.  and  Sidell,  F.  R.  Unpublished  data. 
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Table  2.  Plasma  Clearance  of  Pralidoxime  Chloride  in  Five  Subjects  After 
Oxime  Alone  and  Oxime  in  Combination  with  Thiamine  Hydrochloride 


Subject 

auc3 

auc6 

rc3 

PC* 

Creat  Cl 

C 

T 

C 

T 

C 

T 

— -i 

c 

■a 

C 

sx 

mcg-min 

ml 

mcg-min 

ml 

ml/min 

ml/min 

ml/min 

R.D. 

1123 

2622 

1269 

2968 

667 

152 

788 

337 

115 

131 

M.J. 

938 

1717 

1052 

1817 

808 

219 

951 

550 

174 

182 

R.M. 

1057 

2519 

1203 

2956 

642 

126 

831 

338 

123 

133 

C.P. 

844 

2574 

962 

2883 

931 

169 

1040 

347 

157 

135 

B.R. 

1052 

2464 

1213 

2785 

697 

190 

824 

359 

135 

116 

Mean 

1003 

2379 

1140 

2682 

749 

171 

887 

386 

141 

139 

± S.D. 

111 

375 

128 

489 

120 

36 

105 

92 

24 

24 

P 

< 

005 

< 

005 

< . 

005 

< 

005 

N 

S 

• Estimated  using  AUC6  as  an  approximation  of  AUC^ 
n = 5 

NS  - not  sufficient. 
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EDGEWOOD  ARSENAL 

FOREIGN  INTELLIGENCE  OFFICER 
CHIEF,  LEGAL  OFFICE 
CHIEF.  SAFETY  OFFICE 
CHIEF,  PLANS  OFFICE 

1 

1 

1 

Attn 

SAREA-PL 

I 

CDR.  US  ARMY  TECHNICAL  ESCORT  CENTER 
AUTHOR’S  COPY,  Biomedical  Laboratory 

1 

2 

BIOMEDICAL  LABORATORY 

Attn 

SAREA-BL 

1 

Attn 

SAREA-BL-M 

7 

Attn 

SAREA-BL-Q 

1 

Attn 

SAREA-BL-V 

1 

CHEMICAL  LABORATORY 

Attn 

SAREA-CL 

1 

Attn 

SAREA-CL-P 

1 

Attn 

SAREA-CL-TE 

1 

DEVELOPMENT  AND  ENGINEERING  DIRECTORATE 

Attn 

SAREA-DE-D 

1 

Attn 

SAREA-DE-DB 

1 

Attn 

SAREA-DE-F.P 

1 

MANUFACTURING  TECHNOLOGY  DIRECTORATE 

Attn 

SAREA-MT-D 

1 

Attn 

SAREA-MT-P 

1 

DIRECTOR  OF  PRODUCT  ASSURANCE 

Attn 

SAREA-PA-A 

1 

Attn 

SAREA-PA-P 

1 

Attn 

SAREA-PA-Q 

1 

DIRECTOR  OF  TECHNICAL  SUPPORT 

Attn 

SAREA-TS-R 

2 

Attn 

SAREA-TS-L 

3 

Attn 

SAREA-TS-E 

1 

DEPARTMENT  OF  DEFENSE 
Administrator 

Defense  Documentation  Center 

Attn:  Accessions  Division  12 

Cameron  Station 
Alexandria.  VA  22314 

Director 

Defense  Intelligence  Agency 

Attn:  DB-4GI  1 

Washington.  DC  20301 

DEPARTMENT  OF  THE  ARMY 


Names  Copies 

Director 

Defense  Civil  Preparedness  Agency 

Attn:  RE  I 

Attn:  PO(DC)  I 

Washington,  DC  20301 

CINCUSAREUR 

Attn:  AEAGC-DS  I 

APO  New  York  09403 

Chief,  Office  of  Research. 

Development  & Acquisition 

Attn:  DAMA-CSM-CM  1 

Attn:  DAMA-ARZ-D  1 

Washington,  DC  20310 

Headquarters,  Sixth  US  Army 
NBC  Office 

Attn:  AFKC-OP-PN  1 

Presidio  of  San  Francisco,  CA  94129 

CINCUSAREUR 

Attn:  AEAMD-PM  1 

APO  New  York  09403 

OFFICE  OF  THE  SURGEON  GENERAL 

HQDA  (SGRD-HR)  1 

ForTesta!  Building 
WASH  DC  20314 


US  ARMY  HEALTH  SERVICE  COMMAND 
Commander 

US  Army  Environmental  Hygiene  Agency 

Attn:  HSF.-AA-L.  Librarian,  Bldg  2100  1 

APG-Edgewood  Area 

Superintendent 
Academy  of  Health  Sciences 
US  Army 

Attn:  HSA-CDC  1 

Attn:  HSA-IHF.  1 

Fort  Sam  Houston,  TX  78234 

US  ARMY  MATERIEL  DEVELOPMENT  AND 
READINESS  COMMAND 

Commander 

US  Army  Materiel  Development  and 
Readiness  Command 

Attn:  DRCDE-DM  l 

Attn:  DRCLDC  1 

5001  Eisenhower  Ave 
Alexandria,  VA  22333 


HODA  (DAMO-SSC)  1 

WASH  DC  20310 
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Commander 

US  Army  Foreign  Science  & Technology  Center 
Attn:  DRXST-ISI 
220  Seventh  St.,  NF. 

Charlottesville,  VA  22901 

Commander 
DARCOM.  STITFUR 
Attn:  DRXST-ST1 
Box  48,  APO  New  York  09710 

Commander 

US  Army  Science  & Technology 
Center-Far  Fast  Office 
APO  San  Francisco  96328 

Redstone  Scientific  Information  Center 
Attn:  Chief,  Documents 
US  Army  Missile  Command 
Redstone  Arsenal.  AL  35809 

Director 

DARCOM  Field  Safety  Activity 
Attn:  DRXOS-C 
Charlestown,  IN  471 1 1 


US  ARMY  ARMAMENT  COMMAND 
Commander 

US  Army  Armament  Command 
Attn:  DRSAR-ASN 
Attn:  DRSAR-IMB-C 
Rock  Island,  I L 61201 


Commander 

US  Army  Dugway  Proving  Ground 
Attn:  Technical  Library,  Docu  Sect 
Dugway,  UT  84022 

Commander 

Rocky  Mountain  Arsenal 
Attn:  SARRM-EA 
Denver,  CO  80240 

US  ARMY  TRAINING  & DOCTRINE  COMMAND 

Commandant 

US  Army  Infantry  School 

Combat  Support  & Maintenance  Dept. 

Attn:  NBC  Division 
Fort  Benning,  GA  31905 

Commandant 

US  Army  Missile  A Munitions 
Center  A School 
Attn:  ATSK-CD-MD 
Attn:  ATSK-DT-MU-EOD 
Redstone  Arsenal,  AL  35809 


Copies  Names  Copies 

Headquarters 

US  Army  Military  Police  School/Training  Center 
2 Attn:  ATSJ-TD-CR  I 

Fort  McClellan,  AL  36205 

Commander 

US  Army  Infantry  Center 

Attn:  ATZB-CD-MS-C  I 

I Fort  Benning.  GA  31905 

Commandant 

1 US  Army  Ordnance  Center  A School 

Attn:  ATSL-CD-MS  I 

Attn:  ATSL-DTG  1 

APG-Aberdeen  Area 


US  ARMY  TEST  A EVALUATION  COMMAND 

1 

Record  Copy 
CDR,  APG 

Attn:  STEAP-AD-R/RHA  I 

APG-Edgewood  Area,  Bldg  E5179 

I CDR,  APG 

Attn:  STEAP-TL  I 

APG-Aberdeen  Area 

Commander 

US  Army  Test  A Evaluation  Command 

Attn:  DRSTE-FA  I 

APG-Aberdeen  Area 

1 

I Commander 

US  Army  Tropic  Test  Center 

Attn:  STETC-MO-A  (Tech  Library)  I 

APO  New  York  09827 

Commander 

I Dugway  Proving  Ground 

Attn:  STEDP-PO  I 

Dugway,  UT  84022 

DEPARTMENT  OF  THE  NAVY 
I 

Chief  of  Naval  Research 

Attn:  Code  443  I 

800  N.  Quincy  Street 
Arlington,  VA  22217 

Commander 

Naval  Facilities  Engineering  Command 
I Attn:  Code  03  1 

200  Stovall  Street 

Alexandria,  VA  22332 

\ 

Commander 

Naval  F.xploave  Ordnance  Disposal  Facility 
1 Attn:  Army  Chemical  Office  l 

I Indian  Head.  MD  20640 
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Commander 

HO  Foreign  Technology  Division  (AFSC) 

Naval  Surface  Weapons  Center 

Attn:  PDRR 

1 

Attn:  Tech  Lib  A Info  Svcs  Br 

1 Wright-Patterson  AFB,  OH  45433 

White  Oak  Laboratory 
Silver  Spring.  MI)  20910 

Commander 

Aeronautical  Systems  Division 

. 

Commander 

Attn:  ASD/AF.LD 

1 

* 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory  > 

Wright-Patterson  AFB,  OH  45433 

Attn:  DX-21 

1 HQ,  USAF/SGPR 

1 

Dahlgren,  VA  22448 

Forrestal  Bldg 

4 

WASH  DC  20314 

it 

Commander 

t 

• 

Nuclear  Weapons  Training  Group,  Atlantic 

HQ,  USAF/RDPN 

1 

Naval  Air  Station 

WASH  DC  20330 

1 

Attn:  Code  21 

1 

Norfolk.  VA  23511 

HQ,  Ogden  ALC/MMWRA 

1 

Chief,  Bureau  of  Medicine  A Surgery 

Hill  AFB,  UT  84406 

1 

¥ 

Department  of  the  Navy 

Director 

, 

Attn:  CODE  5 

1 Air  Force  Inspection  and  Safety  Center 

Washington,  DC  20372 

Attn:  IGD(AF!SC/SEV) 
Norton  AFB,  CA  92409 

1 

DEPARTMENT  OF  THE  AIR  FORCE 

Commander 

Air  University  Library 
Attn:  AUL/LSE-8879 
Maxwell  AFB,  AL  36112 

Armament  Development  A Test  Center 
Attn:  DLOSL  (Technical  Library) 

1 Egtin  AFB,  FL  32542 

1 

NORA©  Combat  Operations  Center /DBN 
Cheyenne  Mtn  Complex.  CO  80914 

1 
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